Biological agents are frequently used in the management of inflammatory bowel disease, and it is important to understand the potential adverse effects of these therapies. Ustekinumab is a human monoclonal antibody that interferes with interleukin-12 and -23 cytokine signaling and is approved for the treatment of moderate to severe Crohn's disease. We report 2 cases of neurological adverse events, one of which is consistent with posterior reversible encephalopathy syndrome (PRES), in the setting of ustekinumab therapy for Crohn's disease. The first patient had a seizure and classic neuroimaging features of PRES following induction with ustekinumab. The second patient presented with acute encephalopathy and atypical imaging findings concerning for PRES after ustekinumab induction. Both patients recovered fully following cessation of ustekinumab therapy. PRES associated with ustekinumab is uncommon, but must be a consideration in Crohn's disease patients receiving this therapy who present with focal neurological symptoms or change in mentation.
Introduction
Biological agents are frequently used in the management of inflammatory bowel disease, and understanding the potential adverse effects of these therapies is markedly important. Ustekinumab is a human monoclonal antibody that binds the shared p40 protein subunit of human interleukins-12 and -23, preventing the interaction of those cytokines with the cellsurface interleukin-12 Rβ receptor [1] . This monoclonal antibody was first approved by the US Food and Drug Administration (FDA) for plaque psoriasis and psoriatic arthritis in 2009, and FDA approval was extended to the indication of Crohn's disease in mid-2016 [2, 3] . We report the first 2 cases of neurological adverse events consistent with suspected posterior reversible encephalopathy syndrome (PRES), a serious but often reversible neurological disorder, in the setting of ustekinumab therapy for moderate to severe Crohn's disease. The first patient had a seizure and classic neuroimaging features of PRES following induction with ustekinumab. The second patient presented with acute encephalopathy and atypical imaging findings concerning for PRES after ustekinumab induction.
Case 1
The patient is an 18-year-old Dominican female with Crohn's disease diagnosed 6 years prior to presentation with ileocolonic involvement and stricturing and fistulizing phenotype. Since diagnosis, her disease was managed in a step-up fashion with oral mesalamine, 6-mercaptopurine, methotrexate, and infliximab with periods of medication nonadherence. In the year leading up to presentation, she had multiple complicated hospitalizations due to active Crohn's disease. During that time, infliximab was increased to 10 mg/kg every 4 weeks, and methotrexate was continued weekly.
The patient presented to the hospital with abdominal pain after receiving an outpatient infliximab infusion. CT scan showed worsening small bowel disease with new enterocolic and enteroenteric fistulas. Repeat CT 1 week later showed abscess formation located anterior and superior to the urinary bladder, with additional abscess in the pouch of Douglas. She underwent percutaneous CT-guided drainage of the collections with subsequent Jackson-Pratt drain placement. Serologic drug monitoring revealed a detectable infliximab trough level and low titer antidrug antibodies. However, given the lack of clinical response, it was decided to change biologic therapy. A 340 mg i.v. ustekinumab induction dose was subsequently administered 1 week after the last methotrexate dose. The patient then underwent exploratory laparotomy with stricturoplasty and proximal end-ileostomy. Twelve days after ustekinumab induction, the patient had observed tonic-clonic seizures. Subsequent evaluation was notable for mild hyponatremia but no other electrolyte abnormalities. An infectious workup that included blood cultures was negative; however, lumbar puncture could not be performed. MRI brain showed bilateral foci of high signal intensity on T2/FLAIR imaging within the frontal, parietal, and occipital lobes consistent with PRES (Fig. 1a) . The patient was started on antiepileptic medications immediately, and had no further seizure episodes. Due to concern that the seizure was a manifestation of medication-associated PRES, ustekinumab was not continued. The patient's neurological status returned to baseline within 2 weeks without residual deficits, and repeat brain MRI showed concomitant resolution of the high signal intensity changes (Fig. 1b) . Vedolizumab was subsequently started for the treatment of active Crohn's disease.
Case 2
A 54-year-old Hispanic male with Crohn's ileocolitis diagnosed more than 20 years ago associated with perianal fistulizing disease, small bowel fistula with small bowel resection, ileocolectomy, as well as multiple small bowel obstructions, presented to the hospital with acute confusion lasting several days. The patient had previously been treated with various oral mesalamine formulations, ciprofloxacin, prednisone, and thalidomide. More recently, he had experienced a lack of clinical response to infliximab, and then adalimumab. Six days following an induction with 390 mg i.v. ustekinumab, he developed worsening headache, confusion, and tunnel vision. On presentation to the emergency room, he had a fever of 101.6°F, WBC count of 15,000 with 79.3% segmented neutrophils, lactate 2.4, and potassium 2.4. His lab abnormalities were quickly addressed, and the leukocytosis, lactate elevation, and hypokalemia resolved within hours. He underwent CT scan of the head that was unremarkable. An infectious workup was negative, including lumbar puncture with fluid analysis showing WBC count 0, normal protein, and normal glucose. Cerebrospinal fluid studies including culture, HSV1, HSV2, and Lyme disease antibodies were negative. Given persistent symptoms of encephalopathy, an MRI/MRA brain was performed and showed scattered foci of increased T2 and FLAIR signaling within the periventricular and subcortical white matter (Fig. 2) . These radiological findings, although atypical, may be seen in PRES [4] . The patient's mentation and vision subsequently returned to baseline over the course of 2 weeks, with mild residual headache. Ustekinumab was not continued due to concern for a medication-induced encephalopathy, and the patient's treatment was transitioned to vedolizumab.
Discussion
PRES, otherwise known as reversible posterior leukoencephalopathy syndrome, is a clinical and radiographic diagnosis that was first described in 1996 by Hinchey et al. [5, 6] . There are currently no clear guidelines or consensus statements on the diagnosis and management of PRES. It is considered a rare and typically reversible neurological disorder that can present with headache, seizure, altered consciousness, visual changes, and focal neurological deficits, and may ultimately result in death. Consciousness impairment can range from basic confusion to somnolence, encephalopathy, or coma and has been a described finding in 13-90% of patients in cohort studies [6] [7] [8] . Four patterns of magnetic resonance neuroimaging have been described in PRES: (i) dominant parietal-occipital pattern, otherwise known as "classic" appearance of PRES (22% of patients, and seen in the patient described in case 1); (ii) holohemispheric watershed pattern (23% of patients); (iii) superior frontal sulcus pattern (27% of patients); and (iv) partial expression of the three primary patterns (28% of patients) [4] . While the pathophysiology of PRES is debatable, the clinical and radiographic abnormalities are believed to be due to disruption of the cerebral blood-brain barrier and vasogenic edema, which ultimately cause vascular perfusion abnormalities [9] .
Toxins or drugs are the most common causes of PRES, and have been reported as the etiology in up to 61% of patients [10] . Numerous classes of drugs are implicated in PRES including specific chemotherapy agents, monoclonal antibody agents, and immunosuppressive medications [7] . Other classic but less common causes of PRES that have been reported include severe hypertension, infection, chronic renal failure, electrolyte imbalance (i.e., hypomagnesemia or hypercalcemia), eclampsia, and autoimmune disorders, among numerous other etiologies [7] . The clinical management of toxin or drug-associated PRES includes elimination of the offending agent, which typically results in resolution of symptoms and improvement in radiologic findings.
The 2 patients described above had different clinical presentations, both of which are concerning for ustekinumab-induced neurological adverse events. The patient described in case 1 had an acute seizure episode shortly after ustekinumab induction, with typical radiographic findings of PRES. In the absence of ongoing exposure to the offending agent, her symptoms resolved and radiographic findings improved. The patient had also been treated with methotrexate and infliximab, which have been cited as potential causes of PRES as well; however, she had been on both medications for prolonged periods prior to the reported episode without adverse events [7, 11, 12] . In contrast, ustekinumab was the only suspect medication introduced within 2 weeks of the onset of PRES, a reasonable timeframe to infer causation. Similarly, the chronology of symptom onset in case 2 following medication induction, together with a thorough workup that excluded an infectious etiology, was highly suggestive of ustekinumab as the causative factor. Although the radiographic findings in this case were not typical based on the patterns described above, they can nevertheless be observed with PRES.
Only one case of PRES was observed in the ustekinumab clinical trials for psoriasis and psoriatic arthritis [13, 14] . The affected patient was a 65-year-old female who received 12 separate treatments of ustekinumab over 2 years and developed acute headache, confusion, and seizures. This patient had typical CT findings of PRES, and symptoms resolved 6 days following the ustekinumab dose [13] . There have been no cases of PRES reported in the literature in Crohn's disease patients treated with ustekinumab, including in the clinical trials of ustekinumab for the treatment of moderate to severe Crohn's disease [2] . To our knowledge, these are the first 2 cases of encephalopathy and suspected PRES reported following ustekinumab induction in patients with Crohn's disease. Therefore, PRES should be part of the differential diagnosis in any Crohn's disease patient treated with ustekinumab who presents with focal neurological symptoms or change in mentation. Appropriate and timely brain imaging is critical for the diagnosis, as well as the exclusion of other etiologies such as hemorrhage, thrombosis, metabolic derangement, and infection. Fortunately, the neurological sequelae are characteristically reversible with discontinuation of the culprit medication. 
